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DETAILED ACTION 

Status of the Claims 

1. Claims 1,9-11, 19-21, and 29-43 are pending. 
Claims 1,9-11, 19-21, and 29-43 are rejected. 

Claim Rejections - 35 USC §101 

2. The rejection of claims 21, 29, and 30 under 35 U.S.C. 101 because the claimed invention 
is directed to non-statutory subject matter in the Office action mailed 26 February 2009 is 
withdrawn in view of the amendment to the claims filed 22 May 2009. 

3. 35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of matter, or 
any new and useful improvement thereof, may obtain a patent therefor, subject to the conditions and 
requirements of this title. 

4. Claims 11, 19, 20, and 36-39 are rejected under 35 U.S.C. 101 because the claimed 
invention is directed to non- statutory subject matter. This rejection is maintained from the Office 
action mailed 26 February 2009 and extended to new claims 36-39. 

Claims 11, 19, 20, and 36-39 are drawn to a process. A process is statutory subject matter 
under 35 U.S.C. 101 if: (1) it is tied to a particular machine or apparatus or (2) it transforms an 
article to a different state or thing (In re Bilski, 88 USPQ2d 1385 Fed. Cir. 2008). 

The claimed subject matter is not limited to a particular apparatus or machine. The 
claimed subject matter requires calculation of repulsion terms, potential of mean force terms, and 
other calculation steps of comparison of protein structure data. None of the steps are limited to 
require use of a computer, and all steps could be performed mentally or manually. The applicants 
have amended the claims to require that a computer system is used while performing the claimed 
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process, however a computer system could be a program per se that could be used by a 
computer. To qualify as a statutory process, the claims should require use of a machine within 
the steps of the claimed subject matter or require transformation of an article to a different state 
or thing. Insignificant extra-solution activity in the claimed subject matter will not be considered 
sufficient to convert a process that otherwise recites only mental steps into statutory subject 
matter (In re Grams 12 USPQ2d 1824 Fed. Cir. 1989). Preamble limitations that require the 
claimed process to comprise machine implemented steps will not be considered sufficient to 
convert a process that otherwise recites only mental steps into statutory subject matter. The 
applicants are cautioned against introduction of new matter in an amendment. 

The rejection would be overcome by requiring that the process is performed on a 
computer. 

Claim Rejections - 35 USC § 112 

5. The rejection of claims 21, 22, 25, 27, 29, and 30 under 35 U.S.C. 1 12, first paragraph, as 
failing to comply with the written description requirement in the Office action mailed 26 
February 2009 is withdrawn in view of the amendment to the claims filed 22 May 2009. 

6. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

7. Claims 1,9-1 1, 19-21, and 29-43 are rejected under 35 U.S.C. 1 12, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

The claims are indefinite for the recitation in independent claims 1, 11,21, and 31 the 
phrase "the atom-pair type being defined by the first and second elements and the combination of 
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local bonding environments" because it is not clear what effect the local bonding environments 
have on the subsequent determinations of minimum binding-energy distance values and well- 
depth values. The claimed subject matter does not explicitly require use of bonding environment 
information. For the purpose of examination, the claimed subject matter has been assumed to 
require consideration of the effect of bonding environments when determining the minimum 
binding-energy distance values and well-depth values of atom-pairs. 

Claim Rejections - 35 USC §103 

8. The rejection of claims 1,9, 11, 19, 21, 29, and 31 under 35 U.S.C. 103(a) as being 
unpatentable over Muegge et al. (Muegge I) in view of Mitchell et al. in view of Muegge et al. 
(Muegge II) in the Office action mailed 26 February 2009 is withdrawn in view of the 
amendment to the claims filed 22 May 2009. 

9. The rejection of claims 1, 9, 10, 1 1, 19, 20, 21, 29, and 30 under 35 U.S.C. 103(a) as 
being unpatentable over Muegge et al. (Muegge I) in view of Mitchell et al. in view of Muegge 
et al. (Muegge II) as applied to claims 1,9, 11, 19, 21, 29, and 31 above and further in view of 
Morris et al. in the Office action mailed 26 February 2009 is withdrawn in view of the 
amendment to the claims filed 22 May 2009. 

10. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

11. Claims 1, 9, 1 1, 19, 21, 29, and 31-43 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Muegge et al. (Muegge I) (J. Med. Chem. Vol. 42, pages 2498-2503 (1999), 
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reference G in the IDS filed 07 April 2004) in view of Mitchell et al. (J. Comput. Chem. Vol. 20, 
pages 1 165-1 176 (1999), reference U in the notice of references cited mailed 07 March 2006) in 
view of Muegge et al. (Muegge II) (Med. Chem. Res. Vol. 9, pages 490-500 (1999), reference F 
in the IDS filed 07 April 2004) in view of Oprea et al. (Perspectives in Drug Discovery and 
Design, Vol. 9-11, pages 35-61 (1998)) in view of Lehninger (Biochemistry Second Edition 
(1975)). 

The claims are drawn to methods and apparatus therefor for computing a potential of 
mean force (PMF) scores of a protein-ligand complex from an empirically derived minimum 
binding-energy distances and well-depth values for each atom-pair analyzed. The atom-pair type 
is defined by the two atoms and a combination of local bonding environments selected from 
polar or non polar aliphatic, polar or nonpolar aromatic, or hydrogen bond donor or acceptor. In 
one embodiment claimed subject matter requires considering the effect of bonding environments 
when determining the minimum binding-energy distance values and well-depth values of atom- 
pairs. A PMF score of the protein-ligand complex is calculated from each atom-pair that is 
analyzed, and a structure of the protein-ligand complex is calculated from each PMF score of the 
protein-ligand complex. The calculated protein-ligand complex structure is compared to an 
actual analyzed structure of the protein-ligand complex. The extent of agreement between root 
mean square values of the protein-ligand complexes is used as a measure of the quality of the 
PMF score. The PMF score of an atom-pair that best agrees with data of the actual analyzed 
protein ligand-complex is outputted to a user. In some embodiments the empirically derived 
minimum binding-energy distances and well-depth values are the product of a manual or 
automatic process. In some embodiments the process is iterated. 
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Muegge I shows especially on page 2499 a method and apparatus for calculation of a 
PMF of a protein-ligand complex by determining the PMF of each atom pair of the complex. 
Muegge I shows on page 2499 that consideration of the van der Waals interactions at short 
distances is beneficial for determination of the PMF of an atom pair because without such 
corrections for the short distance repulsion of van der Waals interactions the PMF value would 
be infinity at short distances. Muegge I shows that if the van der Waals term is larger than 4 
kcal/mol, the PMF is overwritten by the van der Waals term value. 

Muegge I does not show explicitly sets of empirical data used to derive the PMF of an 
atom pair or use of empirical data that best agrees with data of an actual analyzed structure of a 
protein-ligand complex. Muegge I does not show use of the extent of agreement between root 
mean square values of the protein-ligand complexes as a measure of the quality of the PMF 
score. Muegge I does not show considering the effect of bonding environments when 
determining the minimum binding-energy distance values and well-depth values of atom-pairs. 

Mitchell et al. shows in the abstract and throughout a method and apparatus for 
calculation of a PMF score of a protein ligand complex by determining the PMF of each atom 
pair of the complex. Mitchell et al. shows use of data from the Brookhaven Protein Databank on 
page 1 167, and throughout to aid in determining PMF of atom pairs of interest. 

Muegge II shows in the abstract and throughout a method and apparatus for calculation of 
a PMF score of a protein ligand complex by determining the PMF of each atom pair of the 
complex. Muegge II shows comparison of root mean square deviations of multiple ligands on 
pages 492- 497. 
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Oprea et al. reviews scoring functions for predicting the binding affinity of a ligand to a 
protein receptor. The LUDI scoring function takes into account hydrogen bonding and 
hydrophobic complementarity (pages 39-40). The Wallqvist scoring function determines inter- 
atomic contact preferences (pages 40-41). The Verkhivker scoring function determines inter- 
atomic distances by taking into account interaction between polar and nonpolar groups. 
VALIDATE takes into account physico-chemical properties of both the ligand and the receptor 
including electrostatic interaction, and hydrophilic and polar complementarity (pages 43-51). 
The Jain scoring function takes into account polarity, repulsion, hydrogen bonds, salt bridges, 
and salvation (pages 51-53). The HTS approach outlined on pages 54-55 also takes into account 
hydrogen bonds and polarity to determine distances between atoms of ligands and protein 
receptors. 

Lehninger shows in figures 4-2 through 4-4 that the amino acids that are the constituents 
of proteins comprise amino acids that are nonpolar aliphatic (e.g., alanine, valine leucine, 
isoleucine), nonpolar aromatic (e.g., phenylalanine, trypytophan), and polar aliphatic (e.g., 
glycine, serine, threonine), and polar aromatic (e.g., tyrosine). 

It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to use the empirical data of Mitchell et al. to aid in determining the PMF 
values of Muegge I because Mitchell et al. shows use of empirical data in determining PMF 
values. It would have been further obvious to use empirical data that best agreed with the protein 
ligand under examination to improve accuracy of the method. It would have been further obvious 
to consider the root mean square deviations of data used in the method of Muegge II to perform 
the comparisons because Muegge II shows that comparison of root mean square deviations is a 
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useful method to compare structures. It would have been further obvious to take into account the 
bonding environment of the atom-pair because Oprea et al. show numerous scoring functions for 
docking ligands and receptor proteins that take into account the bonding environment, including 
hydrogen bonding, and Lehninger shows that proteins comprise amino acids with polar and 
nonpolar aliphatic groups and polar and nonpolar aromatic groups. It would have been further 
obvious to iterate the method as needed to determine the values of all atom-pairs formed between 
a ligand and a receptor. 

12. Claims 1, 9, 10, 1 1, 19, 20, 21, 29, and 30 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Muegge et al. (Muegge I) in view of Mitchell et al. in view of Muegge et al. 
(Muegge II) in view of Oprea et al. in view of Lehninger further in view of Morris et al. (J. 
Computational Chemistry Vol. 19, pages 1639-1662 (1998)). 

The claims are drawn to a method and apparatus of determining a PMF score for a 
protein ligand complex in which data used to generate a PMF of atom pairs in the complex is 
determined by a genetic algorithm. 

Muegge et al. (Muegge I) in view of Mitchell et al. in view of Muegge et al. (Muegge II) 
in view of Oprea et al. in view of Lehninger as applied to claims 1,9, 11, 19, 21, 29, and 31-43 
above does not show data used to generate a PMF of atom pairs in the complex determined by a 
genetic algorithm. 

Morris et al. discloses methods of using genetic algorithms in docking programs to 
predict bound conformations of flexible ligands. Morris et al discuss the known methods of 
three dimensional protein-ligand analysis, which include the automated determination of 
minimized free energy conformations. Morris et al. discusses known genetic algorithms (page 
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1641), and their use in docking programs. The genetic algorithm is used for searching the global 
computational space to identify a most fit structure of the protein-ligand interaction. The 
AUTODOCK program performs a specified number of dockings, then carries out conformational 
cluster analysis on the docked conformations to determine which are similar ranked by 
increasing energy. The "fitness" of the structure can be based on a variety of parameters. 
AUTODOCK uses a dispersion/repulsion term, a hydrogen bonding term, and a screened 
Coulombic electrostatic potential. MSMS is used to compute the analytical molecular surfaces, 
which is analogous to a well-depth value. Morris et al. show that their combination of a genetic 
algorithm, free energy calculations, and docking/design programs provide faster and more 
reliable results. 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to apply the known computation methods of genetic algorithms to the methods of 
Muegge et al. (Muegge I) in view of Mitchell et al. in view of Muegge et al. (Muegge II) in view 
of Oprea et al. in view of Lehninger as applied to claims 1,9, 11, 19, 21, 29, and 31-43 above for 
scoring PMF functions of protein-ligand interactions because Morris et al. shows that genetic 
algorithms provide faster and more successful searching of free energy conformations. 

Conclusion 

13. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to John S. Brusca whose telephone number is 571 272-0714. The 
examiner can normally be reached on M-F 8:30 AM - 5:00 PM. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Marjorie A. Moran can be reached on 571-272-0720. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/John S. Brusca/ 

Primary Examiner, Art Unit 1631 
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